In all previous tests for the carbon dioxide discharged by nerves these parts have been worked upon after they have been cut free from the animal serving as a source. It therefore seemed desirable to measure the output of this gas from a nerve whose normal relations to the animal were as little disturbed as possible, and whose central and peripheral ends at least were not severed from their connections. After several unsuccessful trials it was decided to attempt this work on the snake's vagus nerve which, in consequence of its considerable length, seemed favorable material for such an investigation. This research was carried out under a grant from the Bache Fund of the National Academy of Sciences. The writer wishes to express his obligation to the Directors of this Fund for the essential aid rendered.
At the outset of the work it was supposed that the vagus nerve of any small snake would serve for the problem at hand, but it was quickly found that even in the largest local snakes the vagus was much too delicate and too short to meet the needs of the experiment. Large snakes were therefore sought, and satisfactory material was finally found in the gopher-snake of Texas and Mexico, Drymarchon corais ~ouperi (Holbrook) . Snakes of this species were obtained alive from a local collector. They measured in general about two meters in length. They were restrained from undue movement by being placed in a long straight metal tube about 6 cm. in diameter. To manipulate them in the tube, cords were attached one to the snake's jaw and the other to its tail. As a preparatory step the head of the snake was drawn out of the tube for a convenient distance and held there. With a single blow a sharp blade was driven through the head including the brain which was cut through transversely just behind the cerebral 419 The Journal of General Physiology hemispheres thus reducing the animal to the decerebrate condition. An incision was then made along the left-ventral aspect of the body from a point at the base of the skull to the region of the heart. The left vagus nerve was thus laid bare and could be dissected free throughout its exposed length. It remained attached, however, f 7~ 7.78
FIG. 1. Plan of the rocking platform and adjacent parts for the support of the anterior portion of the snake. B, body of the snake projecting from the metal tube; C, cut in the left side of the snake extending from the head to the heart; H, head of the snake; P, platform; R, respiratory chamber with the stoppered aperture uppermost; S, standard tubes pH 7.78 and pH 7.36; T, end of the metal tube in which the snake's body was restrained; V, vagus nerve looped through a small aperture into the respiratory chamber; its dotted portion corresponds to the outline of the glass rod on which it rests. The arrow on the side marks the axis around which the platform was rocked.
anteriorly to the brain and posteriorly to the region of the heart. In this way from 15 to 20 centimeters of free nerve could be made available.
The anterior portion of the snake over which the cut ran was laid out on a wooden platform (Fig. 1 ) in such a way as to bring the head and the heart of the animal as near as possible together. The portion of the snake's body thus made into a loop was tied firmly to the supporting platform and the left vagus nerve already freed was looped in the opposite direction. The free loop of nerve was inserted into the respiratory chamber through an aperture at its end and this aperture was then closed completely by the mixture of kaolin and vasoline already described for this purpose (Parker, 1925, p. 649) . Inside the respiratory chamber the loop of nerve rested on a glass rod which ran lengthwise through the larger section of the chamber and close to its axis (Fig. 1) .
The respiratory chamber used in these experiments was a tube of pyrex glass much like that employed in my earlier work. It had a capacity of 42 cc. (5 cc. for fluid and 37 cc. for air), and required 0.00686 mgm. of carbon dioxide to change its contents from pH 7.78 to pH 7.36 (Parker, 1925 (Parker, , 1928 . The chief differences between the type of chamber used in these tests and that used in the earlier series concerned the apertures. In the present chamber the principal aperture was an opening on the upper side of the tube directly above the central glass rod on which the nerve was placed. Through this opening the nerve could be manipulated and brought into appropriate position. This opening was closed by a tightly fitting ground-glass stopper. In addition to this there were two other openings both at the large end of the chamber. One of these was just above the central glass rod and served for the insertion of the loop of nerve. The other was to one side and was used for the insertion of a capillary glass tube by means of which a current of pure air could be bubbled through the solution in the chamber thus freeing both it and the chamber of carbon dioxide. The two apertures could be closed with the mixture of kaolin and vasoline already described. As in the earlier experiments the respiratory chamber had next to it on the platform a pair of tubes carrying standard indicator solutions one at pH 7.78, the other at pH 7.36.
It usually required from two to two and a half hours to prepare the vagus nerve of a gopher-snake for testing. By the end of this time the period of gush had already passed, if in fact there had been one, and the first possible reading must have represented the steady outflow of carbon dioxide. After the loop of nerve had been put in place the capillary tube was introduced through its special aperture and sufficient pure air was bubbled through the liquid in the narrow part of the chamber to bring the chamber to a point well on the alkaline side of pH 7.78. The whole platform was then put in rocking motion as already described (Parker, 1925, p. 645) .
When the color of the indicator in the respiratory chamber agreed with that of the standard tube pH 7.78 a stop-watch was started, and when it later coincided with that in the other standard tube pH 7.36 the watch was stopped. Carbon dioxide in milligrams per gram of nerve per minute given out by the vagus nerve of the gopher-snake, Drymarchon corals couperi (Holbrook) . The snakes are numbered I to VI and their lengths in centimeters are given in the second column of the table. The weight in milligrams of each vagus nerve tested is given in the third column. On the vagus nerve of each snake three or four readings for carbon dioxide were made; these are recorded in the body of the table together, with their averages. In each series the last reading was taken after the nerve previously attached anteriorly and posteriorly to the snake had had these attachments severed. Consequently the records to the left of the double vertical line in the table represent records from nerves whose proximal and distal termination were still intact while those to the right of this line represent records taken after these nerves had been cut free • 00234
The interval of time thus measured represented the period over which the nerve gave out 0.00686 mgm. of carbon dioxide. At the close of an experiment the chamber could be again aspirated with pure air and a second reading taken. In this way it was often possible to get three or four readings from one nerve. At the end of the series the nerve was cut free and weighed. The weight of the nerve and the time required to change the contents of the chamber from pH 7.78 to pH 7.36 having been determine(], the rate of discharge of carbon dioxide per gram of nerve per minute could be readily calculated.
Such rates are given in Table I for the vagus nerves of six snakes tested as described. These wire the satisfactory trials out of some twenty attempts, the failures being due chiefly to movements of the snake whereby the nerves were dragged out of the respiratory chamber and in some cases torn free at one end or the other. No records were regarded satisfactory unless the heart of the snake was known to have been in continuous action during the test and had been brought to a standstill by an electric stimulus applied to the nerve close to where it emerged from the head of the snake. An inspection of Table I shows that the highest rate of carbon dioxide discharge for this nerve was 0.0032 mgm., the lowest 0.0017 mgm. of gas per gram of nerve per minute. The general average was 0.00234 mgm. This average is very close to that of my earlier determination for the lateral-line nerve of the dogfish, 0.0024 mgra., and only a little higher than that of Fenn (1927) for the same nerve, 0.0020 mgm.
The readings on which the snake determinations were based were taken in the late winter when the snakes were still in a semi-torpid condition. They are therefore more properly compared with the winter rates than with the summer rates for frogs. The average winter rate for the nerves from the large southern frog, Rana gryIio, was found by me to be 0.0022 mgm., the summer rate 0.0034 mgm. of carbon dioxide per gram of nerve per minute. The agreement in this instance between the winter rate of the frog and of the snake is obvious, but it must be kept in mind that the rates for frog nerves are by no means settled. Fenn (1928) has recorded for the frogs on which he worked relatively high rates, averaging 0.0031 mgm. of carbon dioxide and Gerard (1927) has noted unusually low rates which, if transposed to the terminology of this paper, range from 0.00051 mgm. to 0.00038 mgm. of carbon dioxide per gram of nerve per minute. With Gerard's work carried out at 14°C. and Fenn's and mine at 22°C. it is by no means easy to draw satisfactory comparisons. Subsequent work may settle many of these differences. In the determinations on the snake nerve recorded in this paper all the tests were carried out in a room kept as near 22°C. as possible. It is a remarkable fact that nerves from frogs in the winter and in the summer condition, though tested in a room kept at a reasonably constant temperature, 22°C, nevertheless yield characteristically different results, showing that notwithstanding the uniformity of the immediate surroundings the metabolic rates of the two classes of ner~ces are not to be confused.
The chief question in the present research was to determine whether there was a difference in the metabolic rates of nerves whose central and peripheral terminations were intact as contrasted with those in which such connections had been severed. The answer to this question seems to be in the negative. After two or more satisfactory readings had been obtained from the six snake nerves dealt with in this paper and the nerves had been shown by electrical stimulation to be in a condition to check the heart beat and thus to give evidence of normal vitality, they were as a last move cut free from all connections with the animal and a final reading for this state of isolation was taken. Such records are given in the next to the last column of Table I and their average is shown at the bottom of that column. This average, 0.00205 mgm., may be compared with the averages of the two preceding records, namely the immediately preceding one, 0.00225 mgm. and the next in advance of that, 0.00250 mgm. A comparison of these averages shows that the carbon dioxide from these nerves was gradually falling in amount and that this fall was not significantly changed by cutting the central and peripheral connections. In other words, the metabolism of resting nerve is a local activity uninfluenced by central and peripheral connections. It is therefore to be assumed that studies of this kind made on nerve removed from cold-blooded animals are as significant for an understanding of their metabolism as though the work had been carried out on nerves retaining their original connections.
In the instance under consideration it is probable that before the nerves were cut the regular beat of the heart gave evidence that normal nervous impulses were passing over the fibers. Nevertheless, when, by cutting the central and peripheral connections, the passage of these impulses was interrupted no observable change was noted in the carbon dioxide output. That there was such a change is highly probable but the fact that it was not observable probably means that it was a change which as compared with the total metabolism was too small to be noticed by the method here employed. I have estimated (Parker, 1925) , that the method that I have used is sensitive to about five per cent of the total metabolism of the tissue studied. Changes that proceed on less than this proportion would naturally escape detection. The normal activity of the vagus nerve seems to belong to this order and is without doubt well below that degree of activity which is excited when the nerve is artificially stimulated by induction currents. It is probable that in all the results of artificial stimulations as applied to nerve, the production of heat, the absorption of oxygen, and the discharge of carbon dioxide, these records are much in excess of any phase, even the extreme, that is exhibited by nerves under the natural conditions of bodily environment.
SUMMARY.
1. The vagus nerve of the gopher-snake, Drymarchon corais couperi (Holbrook), discharges carbon dioxide at an average rate of 0.00234 mgm. of gas per gram of nerve per minute. The extremes were 0.0032 mgm. and 0.0017 mgm.
2. These rates were maintained as well when the nerve was separated from its central and its peripheral connections as when these connections were intact showing that the resting metabolism of nerve is a local operation and is not immediately dependent upon distant connections.
3. These observations also point to the conclusion that the passage of normal impulses over a nerve call for an increase of activity that is unobservable by the method employed and that must be small in amount compared with that produced by artificial stimulation.
